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Non-alcoholic fatty liver disease (NAFLD), recently renamed by an international consensus panel as metabolic-associated
fatty liver disease (MAFLD), affects up to 1 billion patients worldwide. This change in nhomenclature is in keeping with
more recent understanding of this disease and its inherent link to metabolic syndrome.
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| 1. Epidemiology

Non-alcoholic fatty liver disease (NAFLD) has become the most common chronic liver disease with a prevalence of 25%
worldwide. The highest rates are reported from South America (31%) and the Middle East (32%), followed by Asia (27%),
the United States (24%), and Europe (23%). NAFLD is less common in Africa (14%). Among these patients in the US, the
prevalence of NASH was 21% [,

Research into NAFLD has rapidly expanded the understanding of its pathophysiology and defined useful diagnostic
criteria. Diagnosis has shifted to focus on the metabolic criteria commonly associated with hepatic steatosis, such as
T2DM and metabolic syndrome. These key comorbidities have led to the proposal to rename this condition to MAFLD [,
The goal with re-defining fatty liver disease is to improve outcomes by identifying high-risk patients and intervening earlier
in the metabolic dysfunction contributing to their disease [&l. Experts state that a focus on metabolic dysfunction better
represents the pathophysiologic mechanism of the disease. Studies have shown that obesity, metabolic syndrome, and
T2DM are associated with a greater risk of progression of NAFLD to NASH, HCC, or fibrosis . NASH is predicted to
become the most common indication for liver transplantation &, Therefore, the focus on metabolic criteria may better
stratify patients who are at increased risk of disease progression. Compared to a diagnosis of exclusion in NAFLD,
MAFLD's positive inclusion of metabolic abnormalities is designed to risk-stratify patients at highest risk for progression to
NASH, HCC, or fibrosis. Importantly, the presence of other hepatic disease does not exclude MAFLD diagnosis like the in

the NAFLD definition. However, studies show that around 90% of patients meet the criteria of both NAFLD and MAFLD 6
@,

The new definition will alter the incidence and prevalence going forward. Given its novelty, prevalence data have been
estimated from existing data. A recent meta-analysis by Chan et al. of more than 10 million patients globally found the
prevalence of MAFLD to be 38% [l One study found the prevalence of MAFLD in North America to be 34.8%, another
measured 39.1% I8 As obesity and T2DM continue to increase around the world, the prevalence of MAFLD is likely to
increase.

The definition of MAFLD includes patients who have two or more factors associated with metabolic dysfunction. Thus, the
MAFLD definition encompasses lean and non-obese individuals with steatosis. The prevalence of MAFLD among these
patients is estimated to be 5% and 12%, respectively 19,

The incidence of both NAFLD/MAFLD is difficult to determine due to a lack of cohesive screening guidelines and
inaccurate tools. Ultrasound is commonly used in initial work-up, but it lacks the sensitivity to detect subtleties in early
disease. The generally accepted value is that the incidence of NAFLD is around 2—6% [,

| 2. Diagnosis

There is debate over whether screening for NAFLD is worthwhile and cost-effective 12, Currently, the American
Association for the Study of Liver Diseases (AASLD) does not recommend screening for NAFLD, even in high-risk
populations, due to the uncertain long-term benefits and cost-effectiveness of screening 31, It is well-established that
patients with type 2 diabetes, obesity, dyslipidemia, and hypertension are at increased risk of cirrhosis, advanced fibrosis,



and liver disease mortality 1231 Therefore, clinicians should have a higher degree of suspicion in patients with these
comorbidities. The diagnosis of NAFLD is typically characterized by (1) the presence of chronically elevated liver enzymes
and (2) imaging evidence of hepatic steatosis. Serum alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) are commonly used to monitor liver function. An AST/ALT ratio of greater than 1 has been associated with a higher
degree of fibrosis on liver biopsy 4. However, elevated ALT alone is not correlated with a higher degree of fibrosis in
NAFLD patients 51, Although these serum biomarkers have high availability and applicability, they are not liver specific
and can therefore be elevated in other comorbid conditions 18],

With regard to imaging, abdominal ultrasound is currently the first-line screening tool for NAFLD given its widespread
availability and low cost 1. Findings of steatosis on abdominal ultrasound include bright hepatic echoes, increased
hepatorenal echogenicity, vascular blurring of the portal or hepatic vein, and subcutaneous tissue thickness [1&l,
Limitations of using ultrasound include inter- and intra-reader variability and anatomic constraints (bowel gas or a large
body habitus) 19, Liver biopsy is the gold standard for diagnosing NAFLD; however, it is costly, invasive, and susceptible
to sampling bias 9. Findings on liver biopsy of NAFLD include hepatic steatosis with or without hepatocyte ballooning,
hepatic necrosis, Mallory bodies, and fibrosis 21, Of note, the severity of fibrosis has the greatest association with liver-
related morbidity and mortality when compared to other histological findings 2. MRI proton density fat fraction (PDFF)
and magnetic resonance spectroscopy (MRS) are useful for quantifying the triglyceride content in the liver 29, However,
MRI-PDFF and MRS are more costly and less available than abdominal ultrasound and are more often used in research
settings rather than clinical practice 12, Before diagnosing NAFLD, secondary causes of fatty liver disease such as viral
hepatitis, alcoholic fatty liver disease, drug-induced liver disease, medical conditions (Wilson disease, hereditary
hemochromatosis, celiac disease), metabolic diseases (glycogen storage diseases), and poor nutritional status must be
excluded 23],

Once the diagnosis of NAFLD has been established, fibrosis scores are often calculated to assess the degree of NAFLD
and guide management. The NAFLD fibrosis score (NFS), fibrosis-4 (FIB-4) index, and AST-to-platelet ratio can be
calculated from routine laboratory results 22, The NFS is based on a patient’s age, BMI, presence of diabetes, AST, ALT,
platelet count, and albumin level, while the FIB-4 is based on the patient’s age, AST, ALT, and platelet count. Patients who
have a FIB-4 < 1.3 (age < 65 years) or FIB-4 < 2.0 (age > 65 years) are at minimal risk for advanced fibrosis and are
typically managed in the primary case setting (see figure below). Patients who have a FIB-4 of >1.3 (age < 65 years) or
FIB-4 > 2 (age > 65 years) undergo elastography and are referred for specialist care (see figure below). NFS and FIB-4
scores have a negative predictive value > 90%, demonstrating their utility as an initial diagnostic test in assessing for
NAFLD 181,

Ultrasound-based elastography, vibration-controlled transient elastography, point-shear wave elastography, two-
dimensional shear wave elastography, or magnetic resonance elastography can be used to assess liver fibrosis in
patients with intermediate-to-high risk of NAFLD based on their FIB-4 and NFS 2. Transient elastography is most used
given its availability.

| 3. Treatments

Weight loss is the first-line management of NAFLD and is recommended for patients with a BMI > 25. In addition to
improving the quality of life in patients with NAFLD, weight loss has been shown to improve liver histology, hepatic
steatosis, and inflammation [24251261[27] \yeight loss of 3-5% has been shown to be associated with decreased steatosis
fibrosis regression, 5-7% with reduced inflammation, 7—10% with NASH resolution, and =10% with fibrosis regression 28I,

Lifestyle interventions such as diet modification and exercise are attempted first. In patients with NASH or advanced
fibrosis who do not sufficiently meet weight loss goals in lifestyle interventions, other strategies like bariatric surgery may
be pursued. Surgical intervention with bariatric surgery can be considered in patients with a BMI > 40 or a BMI >35 with
one obesity-related comorbidity 29. Bariatric surgery has been shown to improve steatosis, reduce inflammation, and
improve fibrosis score BB syrgical intervention has also shown benefits in patients with NASH. Lassailly et al.
studied the effect of bariatric surgery in patients with NASH and found that NASH had disappeared in 85% of patients one
year postoperatively B3, However, worsening fibrosis has also been reported following bariatric surgery B4,

Although no drug treatment has been approved by the United States Food and Drug Administration (FDA) for the direct
treatment of NAFLD, drug therapies targeting weight loss can be considered. Weight loss pharmacological therapy may
be initiated in patients with a BMI = 30 or =27 with metabolic comorbidities such as diabetes or hypertension B4, Current
drug therapy options include glucagon-like peptide-1 (GLP-1) receptor agonists, lipase inhibitors, sympathomimetics, or
combination drugs. Among these, GLP-1 agonists are the best-studied and evidence consistently demonstrates a positive



effect of the drugs on NAFLD. Semaglutide and liraglutide are the two GLP-1 receptor agonists that have been approved
for the treatment of obesity in the United States and are considered the first-line drug therapy. GLP-1 receptor agonists
increase glucose-dependent insulin secretion, inhibit glucagon secretion, and slow gastric emptying 2. They also act in
multiple regions of the brain, where appetite and caloric intake are regulated B2, Of the two, semaglutide is preferred
given its superior dosing schedule of once weekly compared to once daily with liraglutide, as well as its greater efficacy in
weight loss (36], Multiple studies have shown that GLP-1 agonists can decrease liver fat content, improve ALT, and even
slow the progression of fibrosis BZB8IEAM40 The effects of GLP-1 agonists on liver fat are primarily rooted in their ability to
enhance insulin sensitivity and reduce hepatic glucose production, decreasing de novo lipogenesis and increased fatty
acid oxidation within the liver. These mechanisms are particularly relevant as they address fundamental drivers of hepatic
fat accumulation and inflammation, offering an avenue to mitigate progression. The leading GLP-1 agonist, semaglutide,
has shown much promise in the treatment of NASH and its effects on decreasing markers of NASH and liver enzymes
beyond its weight loss effects are discussed below. Liraglutide, another GLP-1 agonist that has also been known to cause
weight loss, has also been associated with increased rates of NASH resolution and decreased enhanced liver fibrosis
(ELF) score when compared to placebo 1. While weight loss is desired given its theorized and observed benefits in
NASH, quantification of this fat loss is important when thinking about weight loss as a treatment specifically for NASH.
Several trials such as that by Vilar-Gomez et al. have demonstrated that a weight loss of at least 10% of initial body
weight is associated with the highest rates of NAFLD activity score reduction, NASH resolution, and even fibrosis
regression. The importance of weight loss from this trial is summarized in Figure 1 below 24,

NASH Resolution: 58 %

Weight loss >5%

Unchanged: 42

NASH resolution: 82%
Weight loss >10%

unchanged: 18 %

Figure 1. A diagram demonstrating the significantly higher proportion of patients with NASH resolution after weight loss of
>10% body weight when compared to >5% body weight.

Unlike the GLP-1 agonists, other medications traditionally used in weight loss like orlistat, sympathomimetics, and
combination drugs have not been studied as extensively in the setting of NAFLD. Orlistat is a gastric and pancreatic lipase
inhibitor used primarily for weight loss, but its adverse effects on the gastrointestinal system such as oily stools, diarrhea,
and abdominal pain have limited its use 2. Randomized controlled trials conducted by Harrison et al. and Zelber-Sagi et
al. showed that using orlistat in the treatment of NAFLD was associated with an improvement in liver histopathology 42!
44 studies have also shown that orlistat may be beneficial in improving liver fat content and reducing inflammatory
enzymes 231451461471 - ynfortunately, few studies exist that investigate the effect of sympathomimetic drugs such as
phentermine, diethylpropion, benzphetamine, and phendimetrazine, as well as combination drugs such as phentermine—
topiramate and bupropion—naltrexone on NAFLD.

Vitamin E is considered in patients with NASH and fibrosis stage = 2 without diabetes mellitus. In a large, randomized trial
conducted by Sanyal et al. studying the efficacy of vitamin E (800 international units daily) and pioglitazone versus
placebo, patients treated with vitamin E were more likely to have improvement in their global histology score compared
with patients who received placebo 8. However, the use of vitamin E has been associated with an increased risk of



hemorrhagic stroke and prostate carcinoma BB stydies have also found high-dose vitamin E supplementation (=400
international units per day) to be inconsistently associated with an increase in all-cause mortality 211,

Pioglitazone, a thiazolidinedione, can be used in patients with NASH and diabetes mellitus. Pioglitazone has been shown
to improve fibrosis, inflammation, and steatosis 22, Because the use of pioglitazone is associated with an increased risk
of weight gain, heart failure, and fractures, careful consideration of its risk-to-benefit ratio must be made prior to
administration [231(24],

| 4. Emerging Therapeutic Options

Recent randomized control trials and laboratory studies on animal models have identified several potential therapies for
NAFLD. These emerging therapies are mainly pharmacologic in nature, with antioxidant, lipid-lowering, nuclear-
transcription-regulating, cytokine-targeting, hormone-mimetic, GLP-1 agonism, or other metabolic-profile-altering
properties 23, Of these many agents, several therapeutic options that have reached phase 2 (lanifibranor) or phase 3
clinical trials (obeticholic acid, elafibranor, cenicriviroc, arachidyl amido cholanoic acid, and resmetirom to name a few).
Failed trials are attributed to underpowered sample sizes or too short a duration while others resulted in inconclusive
results and poorly tolerated adverse effects.

4.1. Semaglutide

Semaglutide is a GLP-1 receptor antagonist that has shown some of the highest promise as a potential therapeutic agent
for NASH in recent years. A pivotal study performed by Newsome et al. investigating the safety and efficacy of
semaglutide administration in patients with NASH showed a statistically significant increase in patients with NASH
resolution compared to placebo B8, A recent network meta-analysis of 27 randomized controlled trials studying the
efficacy of off-label therapy for NAFLD showed that semaglutide use led to a significantly higher decrease in AST and ALT
levels versus placebo and that semaglutide was superior to liraglutide in decreasing AST and ALT in patients with NAFLD
(41 As discussed, weight gain is central to the development of NASH and thus weight loss is paramount in the ability to
reverse NASH. The weight loss effects of semaglutide are well-known and sought after in patients with both diabetes and
obesity. Interestingly, in the trial by Newsome et al., most of the NASH resolution was attributable to weight loss, while the
authors describe a small proportion of patients (approximately 25%) with NASH resolution beyond that which would be
expected from weight loss alone. This is congruent with some preclinical studies such as those by Rakipovski et al.
demonstrating that semaglutide reduces inflammation in the liver by mechanisms independent of weight loss B2, This
apparent pleiotropic effect of semaglutide on NASH in addition to its established safety and availability for weight loss
make this agent one of the most promising options for the treatment of NASH at present. Other agents have also shown
some promise, however, they have been marred by undesirable side effects, lack of availability, or lack of real-world
efficacy beyond clinical trials. Some of these are discussed below.

4.2. Obeticholic Acid

Obeticholic acid (OCA) is a synthetic bile acid derivative of chenodeoxycholic acid that acts as a farnesoid X receptor
(FXR) agonist B8, FXR is a nuclear receptor found intracellularly in the liver, intestines, kidneys, and adrenal glands,
where it plays a role in glucose and lipid metabolism B3l Upon stimulation by increasing bile acid levels, FXR suppresses
the transcription of the CYP7Al gene, thereby inhibiting 7a-hydroxylase, downregulating bile acid synthesis, and
upregulating cholesterol synthesis 5.

Early studies and clinical trials that demonstrated increased insulin sensitivity; decreased hepatic inflammatory and fibrotic
markers; increases in low-density lipoprotein cholesterol (LDL-c) that could be mitigated with concomitant statin therapy;
and minimal adverse events have prompted further phase 2 and 3 clinical trials 6611,

The FLINT trial was a phase 2b clinical trial that involved 283 patients with non-cirrhotic NASH 2], The study compared
OCAto a placebo, finding a significant improvement in liver histology in the OCA group compared to the placebo. Pruritus
was identified as an adverse effect of OCA therapy [62. OCA also significantly increased LDL and cholesterol levels and
decreased HDL levels, requiring concomitant statin treatment, compared to the placebo (€2,

An ongoing phase 3 clinical trial is the REGENERATE trial, which aims to compare the effects of 10 mg OCA and 25 mg
OCA to a placebo on histological improvement and liver-related outcomes in patients with fibrotic, non-cirrhotic NASH [€3]
(641 The study involves 2480 participants. A December 2019 interim analysis of the ongoing trial reported a significant
fibrosis improvement without exacerbation of NASH in the 25 mg OCA group compared to the placebo but no significant



NASH resolution in either OCA group compared to the placebo 4. Mild-to-moderate pruritus was noted as an adverse
event in OCA therapy, corroborating findings of previous randomized control trials £4!,

4.3. Lanifibranor

Lanifibranor is an antifibrotic indole sulfonamide o/y/d PPAR agonist that is novel for its ability to activate all three PPAR
isoforms 2], Early animal studies modeling the effects of lanifibranor on NASH found that lanifibranor normalized insulin
sensitivity, decreased histologic characteristics of NASH including hepatic steatosis, inflammation, and ballooning, and
inhibited the activity of hepatic stellate cells responsible for fibrinogenesis 68, The pan-PPAR activity of lanifibranor is
thought to mediate therapeutic improvements in pathways involving glucose metabolism and insulin sensitization, fatty
acid and triglyceride metabolism, and energy homeostasis 67,

A recent phase 2b randomized control trial compared the efficacy of 1200 mg or 800 mg lanifibranor to a placebo in 247
patients with biopsy-proven, highly active, non-cirrhotic NASH over 24 weeks [€8l. Of the 247 participants, 42% had type 2
diabetes and 26% had moderate-to-severe fibrosis (8, The study demonstrated a significantly higher percentage of at
least a 2-point decrease in steatosis, activity, fibrosis (SAF-A) score in the 1200 mg (but not the 800 mg) lanifibranor
experimental group compared to the placebo. Also, compared to the placebo, both the 1200 mg and 800 mg groups had
higher rates of NASH resolution with and without improvement in fibrosis stage [68l. The lanifibranor groups also
demonstrated decreased liver enzyme levels, improvements in measures of glycemic control (such as reductions in
glycated hemoglobin), increased HDL cholesterol levels, increased dose-dependent adiponectin levels, and decreases in
serum triglycerides 8. Adverse effects of lanifibranor therapy included gastrointestinal events such as nausea and
diarrhea, peripheral edema, anemia, and weight gain (8. Further research on the efficacy and adverse effect profile of
lanifibranor awaits phase 3 clinical trials.

4.4. Arachidyl Amido Cholanoic Acid

Arachidyl amido cholanoic acid (Aramchol) is an inhibitor of stearoyl-CoA desaturase 1 (SCD-1). SCD-1 is the rate-
determining enzyme in the conversion of saturated fatty acids to monounsaturated fatty acids 2. Animal studies have

shown that the inhibition or deficiency of SCD-1 reduced carbohydrate-induced adiposity, hepatic steatosis, fibrosis, and
insulin resistance 27172

A phase 2 clinical trial of 60 patients with biopsy-confirmed NASH in Israel compared 100 mg or 300 mg Aramchol to a
placebo to assess for changes in hepatic steatosis 22!, The 300 mg Aramchol group experienced a significant reduction in
hepatic steatosis, and the study found Aramchol to be well-tolerated without significant adverse effects 73],

The ARREST trial, a phase 2b clinical trial, administered 400 mg or 600 mg Aramchol or a placebo to 247 participants with
prediabetes or type 2 diabetes and NASH to assess for significant decreases in hepatic triglycerides as its primary
endpoint and for improved hepatic histology and aminotransferase as the secondary endpoint 4. The group receiving
400 mg Aramchol demonstrated a significant decrease in hepatic steatosis compared to the placebo group. The 600 mg
Aramchol group decreased hepatic steatosis but insignificantly compared to the placebo 4. Aramchol therapy also
decreased alanine aminotransferase (ALT), aspartate aminotransferase (AST), and hemoglobin Alc (HbAlc) levels 741,
The study also concluded that Aramchol was well-tolerated and safe, though a higher incidence of urinary tract infections
was noted in both Aramchol groups compared to the group receiving the placebo 41,

The ARMOR trial is an ongoing, phase 3/4 trial consisting of an open-label part and two double-blind parts that has
enrolled 2000 participants (22, The primary endpoints of the open-label part include improvement in fibrosis and resolution
of NASH, and the endpoints of the double-blind parts include improvement in fibrosis, resolution of NASH, and
assessment of long-term clinical outcomes 23],

4.5. Resmetirom

Resmetirom is a thyroid hormone receptor-B (THR-B) agonist. Thyroid hormones are thought to mediate hepatic
triglyceride metabolism by promoting hepatic autophagy to aid the transport of fatty acids to the mitochondria for oxidative
metabolism I8, Disruptions in lipid metabolism pathways, such as those mediated by thyroid hormones, are thought to
contribute to NAFLD 28, There are several thyroid hormone receptor (THR) isoforms, but THR-B is the most commonly
found THR in the liver 8. Thus, targeting this receptor decreases the risk of adverse effects due to the stimulation of
other THR isoforms found in heart and bone tissue 2. TH analogues have been shown to reduce hepatic steatosis and
lipid peroxidation Z8. In animal studies, resmetirom was found to be well-tolerated and caused statistically significant
reductions in LDL-c and triglyceride levels BY. An early randomized controlled trial supported findings from animal models,



showing significant reductions compared to the placebo in LDL-c, non-HDL cholesterol, apolipoprotein B, and triglycerides
without causing significant adverse events (1],

In a phase 2 clinical trial, 125 patients with biopsy-confirmed NASH and a hepatic fat fraction greater than or equal to 10%
were administered 80 mg resmetirom or a placebo for 36 weeks B2, The primary endpoint was a change in hepatic
steatosis measured by MRI proton density fat fraction (MRI-PDFF) in the resmetirom group at 12 weeks B2, At weeks 12
and 36, the resmetirom group demonstrated a significant reduction in hepatic steatosis compared to the placebo group.
Resmetirom was mostly well-tolerated, but transient mild diarrhea and nausea were significant adverse effects 2,
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